Introduction
Thrombotic microangiopathy (TMA) is a microvascular occlusive disorder defined by characteristic histopathological findings: thickening of arterioles and capillaries, endothelial swelling and detachment, subendothelial accumulation of proteins and cell debris, aHUS is linked to abnormal activation of the alternative complement pathway [1, [5] [6] [7] 13] . The complement system is part of the body's innate immune system and can be activated by three pathways: the classical, the alternative, and the lectin complement pathway. In all three pathways, a C3 convertase cleaves and activates C3, causing a cascade of further cleavage and activation events. Both membrane-anchored and fluid-phase complement regulatory proteins, such as factor H (CFH), factor I (CFI), membrane cofactor protein (MCP), and thrombomodulin (encoded by the THBD gene), control complement activation by favoring the inactivation of C3b and dissociating the C3 and C5 convertases [4] [5] [6] [7] 13] .
In 50-60% of cases of aHUS, complement gene abnormalities have been established [6, 12] . In 40-50% of patients there are loss-of-function mutations in genes coding for the complement regulatory proteins, impairing the protection of endothelial cells from complement attack: CFH mutations (20-30%), CFI mutations (4-10%), MCP mutations (10-15%), and THBD mutations (5%) [4] [5] [6] [7] 13] . Anti-CFH autoantibodies causing functional CFH deficiency are found in 6-10% [6, 7, 13] ; most of these patients have a homozygous deletion of the genes for CFHrelated proteins 1 (CFHR1) and 3 (CFHR3) [6, 7] . CFHR1/3 deficiency itself also predisposes to aHUS [6] . A heterozygous CFH/CFHR1 hybrid gene is found in 3.5% [6, 7] . Other aHUS patients have gain-of-function mutations in genes for C3 (5-10%) or factor B (CFB; 1-2%), leading to a hyperactive C3 convertase resistant to inactivation [5] [6] [7] . Approximately 5% of patients with aHUS have combined mutations (e.g. CFH with CFI or MCP ), or both mutations and anti-CFH autoantibodies [6, 7] .
After kidney transplantation, TMA may occur for the first time (de novo posttransplant TMA) or recur in the allograft of patients who progressed to CKD5 because of HUS (recurrent posttransplant TMA) [2-5, 7, 9] . De novo posttransplant TMA has been reported in 0.8-14% of all kidney transplant recipients (KTRs) [3] [4] [5] [6] 10] . It generally occurs in the early posttransplant period, but can develop years after transplantation [4, 5, 7, 10] . It is usually triggered by acute humoral rejection, viral infections, or immunosuppressive drugs such as calcineurin inhibitors (CNI), mTOR inhibitors, antithymocyte globulin, and muromonab-CD3 [2] [3] [4] [5] [6] [7] [8] 10] . A retrospective study found that 7 (29%) of 24 KTRs with de novo posttransplant TMA carried mutations in CFH and/or CFI , suggesting that genetic complement abnormalities are also important risk factors for de novo TMA [5, 7] . Posttransplant TMA has a variable clinical presentation [2-5, 8, 10] . In general, anemia and thrombocytopenia are less severe than in native kidney TMA [2, 3, 8, 10] , and extrarenal manifestations are rare [2] [3] [4] . Often delayed graft function or new dysfunction of the renal allograft is the only sign of posttransplant TMA [2] [3] [4] [5] 7] . Since other conditions such as acute rejection can give a similar clinical picture, the diagnosis has to be confirmed by renal allograft biopsy [2-4, 7, 8] . The outcome is often disappointing, with graft loss rates up to 57% in the acute episode [3, 7, 10] . Infection with human cytomegalovirus (CMV) as a trigger for posttransplant TMA in KTRs has been reported in only 7 cases ( table 1 ). All patients developed TMA between 4 weeks and 8 years after transplantation. We describe a new case of de novo TMA after kidney transplantation in association with CMV infection 25 years after transplantation.
Case Report
A 19-year-old Caucasian male was started on chronic hospital hemodialysis in September 1979 because of CKD5 secondary to agenesis of the left kidney and congenital hydroureteronephrosis of the right kidney. In September 1980 he received a kidney transplant from a deceased donor and simultaneously underwent nephrectomy of his native kidney. Transplantation was complicated by acute cellular rejection, successfully treated with corticosteroids and cyclophosphamide.
At the age of 46, 25 years after transplantation, he presented to our clinic with fever of 4 weeks' duration. Treatment with moxifloxacin 400 mg/day had been initiated 4 days earlier because of a productive cough. He also experienced anorexia, nausea, and vomiting, and reported that his urine output had decreased over the preceding days. Apart from a known cardiac murmur the clinical examination was unremarkable. His maintenance therapy included azathioprine, prednisolone, alfacalcidol, calcium carbonate, and cimetidine.
Laboratory tests revealed acute renal allograft failure with a creatinine of 7.0 mg/dl compared to a baseline value of 1.1 mg/dl, hyperphosphatemia, normokalemia, and hyponatremia. There was a mild pancytopenia with a hemoglobin of 10 g/dl, white blood cell count of 3,350/ l and platelet count of 116,000/ l. Lac- Urine and blood cultures were negative. There were no pulmonary infiltrates on chest X-ray. A high-resolution computed tomography scan demonstrated mild bilateral pleural effusions with associated compression atelectasis. Ultrasound of the renal allograft and color Doppler ultrasound of the renal transplant artery and vein were normal. An urgent renal allograft biopsy revealed interstitial fibrosis and tubular atrophy grade 2 plus acute tubular necrosis. Primary CMV infection was suspected. The CMV-DNA polymerase chain reaction (PCR) proved highly positive (1,600,000 copies/ml blood). Therapy with oral valganciclovir was initiated at a dose of 450 mg every other day, adjusted for renal function.
Because of persistent nausea and vomiting an esophagogastroduodenoscopy was performed, revealing esophagitis and diffuse gastritis with several ulcerations. Biopsies were subsequently taken; staining for Helicobacter pylori and in situ hybridization for CMV-DNA were negative. Therapy with a proton pump inhibitor was initiated.
Initially there was a partial response with a decline in viral load (650,000 copies/ml blood) and creatinine (4.6 mg/dl) after 3 days of treatment with antivirals and intravenous (IV) fluids. After a few days, however, the clinical condition deteriorated again. Chest radiology revealed an increased interstitial pattern. Because of clinical suspicion of CMV pneumonitis a repeat highresolution computed tomography was performed, showing a marked increase in the bilateral pleural effusions but no pulmonary infiltrates or ground-glass opacities. Blood tests showed a drop in hemoglobin (7.9 g/dl) and thrombocytes (99,000/ l), high LDH (840 U/l), completely suppressed haptoglobin, and the presence of schistocytes on peripheral blood smear. Creatinine had risen again to a value of 5.2 mg/dl, and the patient developed peripheral edema. A repeat biopsy demonstrated the development of TMA without evidence of typical viral lesions ( fig. 1 ) .
A diagnosis of CMV-induced de novo posttransplant TMA was made. Treatment with daily plasma exchange was started, combined with the administration of CMV hyperimmunoglobulin (CMVIg) and continued valganciclovir. Nevertheless, there was a further deterioration of renal allograft function and hemodialysis was initiated. Oral valganciclovir was replaced by IV ganciclovir. A follow-up biopsy confirmed the persistence of TMA and absence of rejection.
Viral load remained high (75,000 copies/ml blood) despite therapy with IV ganciclovir and CMVIg. Dosage could not be increased because of ganciclovir-induced myelosuppression confirmed by bone marrow biopsy. IV foscarnet was added and 1 week later the CMV-DNA PCR became negative and remained negative thereafter. IV foscarnet was subsequently discontinued; CMVIg was stopped 5 days later and IV ganciclovir 12 days later. Oral valganciclovir was then restarted. After subsequent normalization of hemolytic parameters, plasma exchange was successfully discontinued with permanent hematological remission. Unfortunately, there was no recovery of renal allograft function and the patient remained on chronic hospital hemodialysis. Because of a substantial residual urine output, the allograft was left in situ until January 2009. In February 2010 the patient received a second kidney transplant from a CMV-seronegative deceased donor. At this point, CMV IgG was 1 15,000 U/ml and the CMV-DNA PCR was below the detection limit. He was treated with IV ganciclovir for 1 week and oral valganciclovir until 100 days after transplantation as CMV prophylaxis. The posttransplant period was uneventful.
Discussion
CMV is a ubiquitous herpesvirus that is transmitted through, among others, saliva, urine, sex, blood transfusion, solid-organ transplantation, or hematopoietic stem cell transplantation. After primary infection, CMV remains latent within the host. In the immunocompetent host, primary CMV infection is asymptomatic or manifests as a mononucleosis-like syndrome. In immunocompromised hosts, however, primary infection, reactivation, or reinfection generally causes CMV disease [16] . This can manifest as CMV syndrome (i.e. fever, malaise, neutropenia, and/or thrombocytopenia) or as tissue-invasive disease (e.g. pneumonitis, gastrointestinal disease, hepatitis, pancreatitis, encephalitis, chorioretinitis, myocarditis, nephritis, or cystitis) [16, 17] . CMV has also been associated with a multitude of indirect effects in KTRs, such as acute and chronic graft rejection [11, 16] , and opportunistic infections [16] .
Only a few cases of TMA induced by CMV infection in KTRs have been reported in the literature ( table 1 ) . Hochstetler et al. [8] observed that 42% of 21 kidney and kidney-pancreas transplant recipients who developed cyclo spor ine-associated TMA in the early posttransplant period developed anti-CMV IgM antibodies during the acute TMA episode. Waiser et al. [9] reported 2 KTRs with de novo TMA immediately after the onset of primary CMV disease. Both were treated with IV ganciclovir and plasma exchange; hemolysis stopped once CMVDNAemia became undetectable. Karthikeyan et al. [10] reported 29 KTRs with CNI-associated TMA of whom 1 had concomitant CMV disease. Olie et al. [11] described a patient with CKD5 due to familial aHUS with a CFH mutation who was transplanted with continuous prophylactic plasma exchange. She had 2 successive recurrences of TMA: the first was associated with primary CMV infection 10 months after transplantation, the second with a relapse of CMV disease 7 months later. Both recurrences resolved with IV ganciclovir and plasma exchange intensification. Jeejeebhoy and Zaltzman [14] described a case of de novo TMA in association with primary CMV disease 6 weeks after kidney transplantation; the condition resolved shortly after initiation of IV ganciclovir.
Noël et al. [15] published a case series of 14 KTRs with TMA attributed to cyclosporine; in 2 cases the TMA was presumably triggered by CMV infection.
In both our patient and the previously reported cases the course of disease with onset of TMA within days after onset of CMV disease and the disappearance of hemolysis after negativation of CMV-DNAemia is highly suggestive of a causative role of CMV in the development of posttransplant TMA. It is highly unlikely, in the present case, that the TMA would have been induced by the immunosuppression, to which the patient had been submitted for 25 years.
The pathogenesis of de novo posttransplant TMA is still not completely understood. Several mechanisms have been proposed for CNI: direct endothelial toxicity, vasoconstriction (activation of the sympathetic nervous system, increased synthesis of endothelin, inhibition of local prostacyclin and nitric oxide production), prothrombotic actions (increased thromboxane A 2 synthesis and decreased prostacyclin synthesis), and antifibrino lytic actions (upregulation of plasminogen activator inhibitor) [2, 4, 7, 10, 15] . Transplantation itself induces endothelial activation due to the graft procedure and ischemia-reperfusion injury [4, 5, 7, 10] . Acute rejection and posttransplant viral infections also cause endothelial lesions and subsequent complement activation [4, 5, 7, 10] . CMV can directly damage the endothelial cells [2, 9, 14] , and can cause platelet adhesion to the microvascular wall by inducing the expression of endothelial adhesion molecules and the release of von Willebrand factor [2, 9, 11] . In patients with complement gene abnormalities or anti-CFH autoantibodies, endothelial activation triggered by any of the above factors is enhanced by excessive complement activation [5, 7] . Overall, it seems that two or more factors that amplify each other's effects have to be present to cause TMA in KTRs [4, 5, 7, 10] . It might be conceivable to screen for mutations in CFH , MCP , CFI , C3 , CFB and THBD , and to search for CFHR deletions and for anti-CFH autoantibodies in KTRs at the first episode of de novo TMA [5, 7] .
There are no controlled trials or guidelines on treatment of posttransplant TMA and the current management is based on case reports and case series. In general, treatment of de novo posttransplant TMA comprises the elimination of any precipitating factors, relief of symptoms, and plasma therapy when considered necessary [1, 2] .
In patients with presumed CNI-associated TMA, treatment consists of reducing, changing, or (temporarily) withdrawing the CNI [2-5, 7, 8, 10] . However, not all patients respond, and the risk of acute rejection increases [5, 7, 8] . In the setting of de novo TMA due to viral infection, the outcome generally parallels the response to treatment of the underlying infection [2] . CMV disease in KTRs should be treated with either IV ganciclovir (5 mg/kg twice daily, adjusted for renal function) or oral valganciclovir (900 mg twice daily, adjusted for renal function) until CMV is no longer detectable. In case of suspected ganciclovir resistance, baseline immunosuppression should be reduced and ganciclovir dosage should be increased (up to 10 mg/kg twice daily for normal renal function). If infection persists or ganciclovir is not tolerated due to myelosuppression, as was the case in our patient, or to any other side effect, therapy should be switched to a combination of IV ganciclovir and IV foscarnet, or IV foscarnet alone [17] .
It is uncertain whether plasma therapy is imperative in the treatment of posttransplant TMA. However, it is generally accepted that severe, systemic TMA should be treated with plasma therapy [2, 3, 5, 7, 10] . It should be initiated within 24 h after diagnosis. The first option is plasma exchange, with an exchange of 1.5 times the expected plasma volume, which correlates with 60-75 ml/kg body weight. The alternative is plasma infusion of 20-30 ml/kg body weight 3 times a week, with restrictions in oligoanuric patients because of the risk of volume overload [1, 6, 12] . Platelet count and serum LDH are the most reliable markers to monitor the response to plasma therapy [1] . Hematological remission is achieved when the platelet count remains 1 150,000/ l for 2 weeks without signs of hemolysis (i.e. stable hemoglobin levels, no fragmented red blood cells, and no elevated LDH); hematological relapse is defined as the return of microangiopathic hemolytic anemia and thrombocytopenia after a normalization for at least 2 weeks [12] . Treatment should be continued until remission is achieved [1, 10] . When patients remain in a critical condition despite intensive medical treatment, explantation of the renal allograft is the last therapeutic option [10] .
Conclusion
CMV is a ubiquitous herpesvirus that affects many KTRs. CMV infection can trigger both de novo and recurrent posttransplant TMA. This can occur early after kidney transplantation but also many years later. CMVinduced posttransplant TMA generally begins within days after onset of CMV disease. Immediate treatment with IV ganciclovir until CMV-DNAemia is no longer detectable in combination with plasma therapy will usually result in remission of TMA.
